The Conceptual Survey of Electricity and Magnetism ͑CSEM͒ was developed to assess students' knowledge about topics in electricity and magnetism. The survey is a 32-question, multiple-choice test that can be used as both a pretest and posttest. During four years of testing and refinement, the survey has been given in one form or another to more than 5000 introductory physics students at 30 different institutions. Typical pretest results are that students in calculus-based courses get 31% of the questions correct and student's in algebra/trigonometry-based courses average 25% correct. Posttest correct results only rise to 47% and 44%, respectively. From analysis of student responses, a number of student difficulties in electricity and magnetism are indicated.
I. INTRODUCTION
Over the last 20 years, physics education research has revealed that students already have a number of ideas about how physical systems behave even before they start to study physics. [1] [2] [3] [4] In many cases these ideas ͑often called alternative conceptions or common sense science͒ differ from accepted scientific ideas. Other research has shown that it is difficult for students to change their initial ideas. 5 The development and extensive use of the Force Concept Inventory ͑FCI͒ conceptual test concerning some basic kinematics and Newton's three laws has raised the consciousness of many physics teachers about the effectiveness of traditional education. 6, 7 Many physics instructors have expressed an interest in assessing students' knowledge of electricity and magnetism. However, developing an instrument to assess students' ideas in electricity and magnetism is a very different task than development of the FCI.
II. DEVELOPMENT OF THE CONCEPTUAL SURVEY OF ELECTRICITY AND MAGNETISM

"CSEM…
Our initial goal was to develop a primarily qualitative instrument to pretest and posttest students in general physics courses ͑algebra and calculus-based physics͒. We wanted to be able to assess students' initial knowledge in electricity and magnetism as well as the effect of various forms of instruction on changing that knowledge base to facilitate comparisons among courses, curricula, and instructional methods. We also wanted to provide an instrument that would touch on important concepts throughout the domain of electricity and magnetism. Most instructors feel that they have limited time to devote to assessing students' knowledge so the numbers, and lengths, of assessments need to be minimized. In contrast to instruments like the FCI, or the Force and Motion Conceptual Evaluation ͑FMCE͒ or the Test of Understanding Graphs-Kinematics ͑TUG-K͒, the CSEM is a broad survey instrument.
Because of inherent difficulties and practical considerations described later, we did not expect to be able to develop a conceptual inventory for the entire domain of electricity and magnetism. Rather our goal was to develop an instrument which could be useful for getting an overview of students' knowledge. ͑Actually we would question the idea that there can be anything like a single conceptual inventory for such a broad range of topics.͒ Developing a qualitative assessment of students' ideas in electricity and magnetism is a major challenge for a variety of reasons. For one thing the physics education research on students' preinstructional ideas about electricity and magnetism is meager. 2, [8] [9] [10] [11] [12] [13] [14] In contrast, when the FCI was developed there was substantially more known about students' alternative, or common sense, ideas. Another difference is the focus of the instrument. The FCI focuses on the essential ideas of Newtonian mechanics. Electricity and magnetism is a much broader conceptual area and relies on understanding in other domains such as force, motion, and energy.
Developing an instrument for first semester topics from mechanics, where many students will have some familiarity with the phenomena, language, and concepts involved, contrasts strongly with developing an instrument for electricity and magnetism. In the domain of electricity and magnetism, most students lack familiarity with both the phenomena and most of the concepts, language, principles, and relations. This issue of experience with the phenomena versus formalism ͑the formal, including the mathematical, expression of the concepts, principles and relations͒ is important in electricity and magnetism because traditional instruction emphasizes formalism over phenomena. Consequently, decisions about whether to emphasize phenomena or formalism in the questions on an assessment for this domain are complex.
Preliminary work on the development of the Conceptual Survey of Electricity and Magnetism ͑CSEM͒ began with work on two separate tests, one for electricity ͑the CSEConceptual Survey of Electricity͒ and one for magnetism ͑the CSM-the Conceptual Survey for Magnetism͒. A con-scious decision was made to exclude the topic of dc circuits from the electricity test because of concern over its length, and there were already some instruments under development for dc circuits. 15, 16 A group of experienced college physics professors at a two-year college physics workshop developed lists of major concepts and an initial set of questions for each test. These preliminary tests ͓called the Electric Concepts Inventory ͑ECI͒ and Magnetism Concepts Inventory ͑MCI͒ initially 17 ͔were used in a number of classrooms during the 1995-96 academic year.
Analysis of the results on the preliminary versions and data from administering open-ended versions of the more promising questions led to the beta versions which were administered during the 1996-97 academic year. The openended response data also led to changes in the distracters ͑incorrect answer choices͒ for a number of questions in the second version. After subsequent analysis and review it was decided to construct one test ͑the CSEM form D͒ to survey electricity and magnetism that was a subset of the two separate tests. This test ͑CSEM͒ went through three stages of revision ͑resulting in version G͒ based on analysis of student data, students' explanations for their responses, and feedback from physics instructors who evaluated and/or administered the CSEM. The topics and corresponding question numbers included on this test are shown in Fig. 1 .
III. COMPARING CONCEPTUAL ASSESSMENTS
We believe it is very important to understand the differences between the CSEM and other conceptual assessments that have been developed recently. One of the primary reasons for being aware of the character of each assessment is because interpreting the results of the test depends on what type of conceptual test it is. Conceptual instruments can vary in a number of ways. For example, a test could focus on a small number of concepts, e.g., Newton's laws of motion in the FCI, or it could attempt to survey a much larger conceptual domain, e.g., electricity and magnetism in the CSEM. Tests can have questions which use natural, i.e., everyday, language and situations and have answer choices which closely model students' natural ͑common sense͒ beliefs. In contrast, tests can have questions which use technical language and physics situations, such as adding field vectors. In a similar way a test can ask questions that require little formal physics knowledge ͑most of the questions in the FCI are this type͒, or ones that demand specific physics knowledge. An example of the latter would be a question asking how the kinetic energy of a particle placed in a uniform electric field will change after the particle is released. Finally, tests can vary in whether the questions concentrate on phenomena, e.g., which way will a compass needle point when placed near a current-carrying wire, or on the formalism, e.g., given equipotential lines, how will field strengths compare. Instructors should be aware of the characteristics of any instrument they use and make sure those characteristics match the goals of their assessment plan.
IV. ANALYSIS OF THE CSEM
There have been several earlier publications about developing conceptual instruments. 6, 18 Beichner 19 did a very thorough job of describing the techniques for analyzing a test, so we will include only brief descriptors of the techniques we employed. Aubrecht and Aubrecht 20 have presented guidelines for developing quality multiple-choice items, so we will not discuss that issue.
Version G of the CSEM was subjected to the traditional analysis of both individual items and the overall test. ͓We report here on version G rather than the most recent version ͑version H͒ because it differs from the current version only slightly, and because it is the version for which we have the most complete data that has been analyzed.͔ The analysis which follows was carried out on posttest results. The presence of common sense ideas as alternate answer options for many items as well as the students' lack of familiarity with a number of the formal terms and ideas resulted in very low pretest scores. Since these overall pretest scores were relatively close to random guessing, despite the presence of definite response patterns on a number of individual questions, using standard test analysis tools on the pretests was not appropriate.
A. Quality of test items
There are two standard measures of the quality of items on a test: difficulty and discrimination. Difficulty is exactly what the name implies, how difficult the item is. It is usually measured by finding the percentage of subjects who get the item correct. The average difficulty ratings ͑ranging from 0.0 if no one answers correctly to 1.0 if everyone answers correctly͒ for the items on version G of the CSEM are displayed in Fig. 2 .
A difficulty value of 0.5 is usually taken as the ideal, but any real test will have items that range in difficulty. As seen in Fig. 2 , the items on the CSEM range in difficulty from about 0.10 to a little over 0.8, which is a reasonable range. However, there are only about seven items with difficulties of 0.6 or larger, and this is probably fewer than would be ideal.
Discrimination is a measure of how well an item differentiates between competent and less competent students. For example, do students scoring in the top 25% of the test as a whole ͑a measure of competent students͒ also score higher than less competent students on a particular item? It is typically calculated by subtracting the number of students in the bottom 27% of the overall score range who got the item correct (N L ) from the number of students in the top 27% of 
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the score range who got the item correct (N U ) and dividing by half the sum of these two groups ͓(
Discrimination values range from Ϫ1.0 to 1.0. For the items on the CSEM, students in regular calculusbased physics classes had discrimination values ranging from approximately 0.1 to 0.55. While these values are not as high as one would hope, all but four of the items had values greater than 0.2, which is the traditional lower limit for acceptability.
The difficulty of an item has a strong effect on the discrimination of the item. A discrimination value of 1.0 can only be obtained by an item with a difficulty of 0.5. As the difficulty moves away from 0.5, in either direction, the maximum discrimination decreases. Since only 11 of the 32 items on the test had difficulty averages in the 0.4 to 0.6 range, some of the explanation for the relatively small discrimination values may be attributed to the average difficulty of the items.
B. Overall measures of the test
There are two standard overall measures of the quality of a test: validity and reliability. Validity is an estimate of how well the test measures what it contends to measure. There are several different ways to estimate the validity of a test. In evaluating the CSEM we asked 42 two-year college physics professors attending two workshops in two regions of the country to rate each item on a five-point scale ͑1 being low and 5 being high͒ for both reasonableness and appropriateness. When evaluating the appropriateness of each item, we ask for a separate response for algebra/trigonometry-based courses and calculus-based courses. The average overall ratings, as well as the ranges and standard deviations, are given in Table I . All of the items on the CSEM were rated as both highly reasonable and appropriate for both courses.
The reliability of a test is a measure of how consistently the test will reproduce the same score under the same conditions. On a reliable test, two students who are matched in knowledge and skill will get the same score. In other words equivalent students, either two different students or the same student at two different times, will get the same score on a reliable test. The standard way to calculate the reliability of a test is to use what is called KR 20. 21 This formula gives a representation of the average correlation between the test subdivided into two halves in all possible ways. In other words the actual test is broken down into two tests, each consisting of half of the items, and the correlation is calculated between performance on those two subtests. The actual calculation is given by
where n is the number of items in the test, p is the proportion of people who answered an item correctly, q is the proportion of people who answered the item incorrectly, and S x 2 is the variance of the whole test. This calculation underestimates the reliability of the test.
Reliability values for tests run between 0 and 1.0. Reliabilities in the range 0.9 to 1.0 are rare. Values in the range 0.8 to 0.9 are very high and indicate a test that can be used for both individual and group evaluation. Values in the range 0.7 to 0.8 are common for well-made cognitive tests. Values in the range 0.6 to 0.7 are considered weak for cognitive tests, but are acceptable for personality tests. A range of 0.5 to 0.6 is common for well-made classroom tests. The KR 20 posttest estimates for the CSEM are around 0.75, which is a very reasonable value.
We ran other evaluations of the CSEM, including a factor analysis. ͑What we actually calculated was a principal components analysis, which is a form of factor analysis.͒ A factor analysis calculates the correlation among all of the items on the test and then looks for significantly correlated groups of items. One then looks for some quantity or aspect of the entities being measured that could explain the correlation among the items in the group. For a test to have identifiable factors there usually needs to be multiple questions on the same concept or principle which could then correlate with each other. On the CSEM, no strong factors were identified. There were 11 factors identified with eigenvalues greater than one ͑one basis for deciding on legitimate factors͒, but that number is clearly too large to be a useful reduction from 32, and the largest of these factors accounted for only 16% of the variance. This latter figure is very small for a first factor, so these 11 factors, while mathematically identifiable, are not meaningful. The factor structure of the test could be improved but that would require adding additional questions, increasing the length of the test and the time to use it.
Overall the results of this analysis of this survey instrument indicate that the CSEM is a valid, reliable instrument. The test is a combination of questions probing students' alternative conceptions and questions that are more realistically described as measuring students' knowledge of aspects of the formalism. With the information currently available about students' natural ideas in these domains, any survey of the domain as a whole is likely to have this character.
V. STUDENT RESULTS
A. Overall results
The overall results on the CSEM for two groups of students, those enrolled in algebra/trigonometry-based courses and those enrolled in calculus-based courses, can be found in Table II. Table II has overall results ͑not broken up by type of institution͒ since there were no significant differences between results for courses taught at two-year colleges, fouryear colleges, or universities. All results are for unmatched data sets since the overall student responses for matched student data were essentially the same as student responses for unmatched data.
As might be expected, the overall pretest scores are very weak, being barely above random choice for the algebra students. ͑Although the students are not responding randomly to the individual questions as will be shown below.͒ These results are probably to be expected because of the students' lack of familiarity with the phenomena and the formalism, as well as lingering difficulties with important concepts and ideas from first semester. 10 What is not expected is the poor performance on the posttest. A class average of around 50% on a test composed of questions that experienced physics teachers agree are reasonable and appropriate is definitely disappointing. Also included in Table II are the results on the CSE and CSM surveys for the same types of students. The pretest and posttest results are less than the CSEM results for the algebra/trigonometry-based students. The pretest results are higher for the CSE and lower for the CSM surveys for the calculus-based students, but are essentially the same on the posttests.
Three other sets of data were also collected. Both pretest and posttest data from two high school classes (nϭ103) were collected. These high school students scored 23% on the pretest and 49% for the posttest and these results are very similar to the values for the college classes. Additionally, posttest data from two honors calculus-based engineering physics courses at a large research university were collected. This course employed an interactive engagement approach. This honors data is shown at the bottom of the CSEM data in Table II . Clearly the honor classes performed better, as one would expect. A posttest average of approximately 70% is reasonable since a mixed group of physics majors and graduate students also had an average of 70% as shown in Table  II . These results, especially when coupled with the result from slightly earlier versions-forms E and F ͓a 77% average (nϭ95)͔ for several groups of two-year college physics professors who attended several of the Two-Year College Workshop project sessions indicate that the test is a viable measure of learning in this domain. ͑This faculty average is comparable to the 79% and 80% scores on the CSE and CSM surveys for two-year college physics professors, n ϭ188 and nϭ118, respectively.͒
We can see the comparison of the question responses for the CSEM by looking at Fig. 2 again. One noticeable result from Fig. 2 is the disparity between the results on electricity questions ͑questions 1-20͒ and magnetism questions ͑ques-tions 21-32͒. On the pretest, the calculus students performed 16% poorer ͑algebra-based students 14% poorer͒ on the magnetism questions compared to the electricity questions. Even on the posttest, students scored 12% ͑calculus-based͒ and 6% ͑algebra-based͒ lower on the magnetism questions versus the electricity questions. This disparity of results is comparable, although slightly higher, than student results on the pretest and posttest on the CSE and CSM surveys as well ͑see Table II͒ .
B. Detailed results
Specific question results for the CSEM ͑form G͒ are indicated in Table III. ͑Starred questions in the table indicate   Table II 
there were no significant differences in response patterns wherever the items were presented. The numbers vary because certain questions have appeared on all seven versions of the instruments while others have been more recent. The answer columns display the percentages of students who answered the question with that letter response.
Conductors and insulators
Student response to question 1 about charge distribution on conductors shows a definite improvement from pre-to posttest ͑gains of 24%͒ and a good success rate on the posttest ͑63% and 75%͒. However, at post instruction a substantial number of students still responded that the charge was distributed over both the inner and outer surfaces of the metal sphere ͑14% to 23%͒. For charge distribution on insulators, see question 2, the gains were less ͑about 15%͒ and the posttest results were a little more than 20% less than question 1. It appears that a substantial number of students seem not to be able to distinguish between conductors ͑an-swers B and C͒ and insulators or fully understand what happens to the charge at all ͑answer E͒. The data suggests that many of the students may simply be recalling a statement about charge distribution without understanding the physical mechanism.
Based on results to date, students' knowledge of the shielding effect of conductors seems rather weak. The contrast between about 50% correct on question 13 and about 16% correct on question 14 may seem strange. However, part of the explanation is that about half of the students chose the correct response on question 13 for the wrong reason. In version G the sphere in question 13 was initially uncharged. ͑This has been changed on version H.͒ From open-ended responses, it appeared that these students believe the field within is zero because the sphere was initially uncharged. This also helps explain why E is a strong pretest choice. For question 14 there is a clear pattern in the pretest choices and more than 50% of the students still choose answer A for question 14 on the posttest, which seems to indicate a misuse of Newton's third law.
Coulomb's law
Question 3, which is a straightforward application of Coulomb's law, is the easiest item overall, having the best pretest and posttest correct answer percentages. However, when we turn to question 4, which looks at the force on the other charge, we find many fewer correct responses ͑about 33% less͒. The favored alternative choice C indicates that many students do not apply Newton's third law or symmetry of Coulomb's law to electric point charge situations. Students still seem to believe larger ''objects'' ͑in charge magnitude for this case͒ exert larger forces than smaller ''objects.'' Question 5 shows an additional small reduction in correct responses and indicates confusion on both the effect of the magnitude of the charges and the distance of separation. In general, students do not seem to be able to apply Coulomb's law as well as one would expect after instruction.
Force and field superposition
Students seem to perform superposition fairly well for straightforward applications. Question 6 has a good success rate for both groups of students on the posttest and is the best gainer from pretest to posttest of the electricity questions for the algebra-based students. Questions 8 and 9 are a more subtle application of superposition coupled with force and field ideas. Students perform about 10% less well on the posttest for these questions than on question 6. A noticeable percentage of students seem to be confused about how a new charge affects the direction of the force or field, answer D.
Question 23 is designed to be a straightforward application for the magnetic field around a long, straight wire and superposition. Although students may not know this idea on the pretest, we would assume they would know it on the posttest. Choice B is a fairly strong distracter and may indicate that students confuse the magnetic field effects with electric field effects ͑if the wires were positive and negative͒. Combined with answer C, which could also fall under this interpretation, about 20% of the calculus-based students and 28% of the algebra-based students seem to have this idea on the posttest. Answer E was a distracter on the pretest, but not on the posttest. Answer D could be interpreted as the opposite of the correct answer, A. It, however, does not receive much support. This question was one of the best gainers.
Question 26 provides some insight into the ''depth'' of student understanding of the magnetic field created by a current carrying wire and superposition of these fields. This straightforward question does have a high success as a posttest item, 67% for calculus-based students and 49% for algebra-based students ͑it is the best performer for magnetism questions͒. This question shows a clear nonrandom response pattern on the pretest. Answer B is an attractive distracter for pretest students. This answer probably still indicates electric field thinking by students with the current coming out of the page equated to a negative charge consistent with answer B of question 23. ͑On the posttest this distracter becomes insignificant.͒ Answer D remains a fairly good distracter for both pretest and to a lesser extent for the posttest ͑except for algebra-based students͒. This could indicate that students think the current coming out of the page is a positive charge ͑electrical analog͒. This question is the best gainer of all the CSEM questions, hopefully indicating that students can be helped to abandon the electric charge analogy when determining magnetic fields for electric currents.
Question 28 is another superposition question. Students show a fairly strong understanding of superposition by choosing answer C. Answer A would be a reasonable alternative if their only problem was getting the direction wrong, but it is an insignificant distracter. Answer E, a strong distracter, may be another electrical analog with two like charges and the point in between them having no net field.
Force, field, work, and electric potential
Influence of residual conceptual problems from first semester could help explain the weak performance on question 10. Post instruction, one would expect students should have S16little problem thinking through the steps from a uniform field to a uniform force to a uniform acceleration. Evidence that the first step in this reasoning is straightforward is shown by the strong success rate on question 12. However, the fact that about 25% of the students choose B on question 10 indicates that these students may still be associating a constant velocity with a constant force. The open-ended response forms indicated a surprising rationale for choice E on question 10; indications are that these students are working with an idea about an ''equilibrium'' situation in a uniform field. This Table III . Student responses for CSEM questions ͑Aϭalgebra-based students, Cϭcalculus-based students͒. inference is strengthened by the fact that about 25% of the students choose A on question 11.
Students do not seem to be able to deduce the direction of the electric field from a change in potential. Students seem to confuse whether an increase or a decrease in potential determines direction. On question 20, almost 40% choose an increase, answers A and B, but only 25% on question 19, answer B. A little more than 50% choose a decrease, answers C and D, on question 20, but less than 50% on question 19, answer A. Around 20% of the students choose an answer on question 19 ͑C and D͒ that indicates both directions. The field strength seems also to be confusing for many students. Answers A and C on question 20 seem to indicate that students are associating large distances between equipotential lines with stronger field. This distance separation seems to have affected student responses on question 17 as well. Ignoring the change in potential, students choose C more than 20% of the time ͑for greater distance͒ and answer B about 16% of the time ͑for shorter distance͒.
Magnetic force
The poor performance on question 21 will come as no surprise to any experienced physics instructor. We know that students expect a magnetic force whenever an electric charge is placed in a magnetic field. Getting students to first check to make sure the charge has a velocity with at least a component perpendicular to the field direction is very difficult. The first three choices in this question all received about the same interest ͑about 16% of the responses͒. Choice D, which is the correct answer if the charge actually were to experience a magnetic force, is the only answer not often chosen.
There are a variety of ways that students seem to be interpreting the effect of a magnetic field on a moving charged particle. On question 22, about 1 3 of the students choose answer C and about 1 3 choose answer D. These answers seem to indicate direction confusion. However, there is a strong indication ͑about 30% of the answers͒ that students confuse the electric force and magnetic force-see answers A and B. On question 25, a strong alternative answer is C and could indicate a fluid flow interpretation of the effect of the magnetic field on the moving charged particle.
Faraday's law
Questions 29 through 32 deal with Faraday's law and magnetic induction. Answers A, B, and C of question 29 imply that the students know that a moving magnetic field ͑due to the moving magnet͒ or a moving bulb in a stationary magnetic field will create an induced current ͑lighting the bulb͒. Answer B, a powerful distracter, could indicate that students think this is the ''only'' way to get the bulb to light. Answer A, a powerful distracter as well, indicates that students believe a rotation is the ''movement'' necessary to induce a current ͑as well as moving of the magnetic field source͒. Answer D, another powerful distracter as well, is puzzling since it implies a moving bulb will create an induced current but not case I. Overall, 72% of the calculusand algebra-based students chose answers that used the idea that ''motion'' from either the loop or the magnet is necessary to create an induced current. Students may not see the collapsing loop as changing the magnetic flux or the rotating loops as not changing the magnetic flux.
Question 30 approaches the induced current/voltage issue from a different direction. Cases I and II are correct ͑answer A͒ but are contained in part in answers A-D. Answers A, B, and D include case I and answers A, C, and D contain case II. Case III is included in answers B, C, and D. It appears that students understand that the current-carrying wire is generating a magnetic field ͑except possibly those answering E͒. Students are unsure of what loop motion induces a current. Case III seems to give them trouble determining whether it has an induced current or not. This question is a good gainer.
Question 31 is the least correct question by calculus-based students on the posttest and pretest. It is the most often missed question by algebra-based students on the pretest, but surprisingly not on the posttest. Answers D and E could indicate students think there is an induced ''emf'' that causes charges to move to the top ͑or bottom͒ of the metal bar. Unfortunately, these answers account for only 30% of the calculus-based students and 43% of the algebra-based students on the posttest. Answers B and C are strong distracters, possibly indicating those students again think of the electrical effects instead of the magnetic effects. This interpretation would account for 49% of the calculus-based students and 40% of the algebra-based students on the posttest. Answer A also remains a strong distracter and may indicate that students think there is no effect or that there are no charges available to move.
Question 32 investigates an induced voltage experiment. Answer A, a strong distracter, is the same as the ammeter reading versus time graph, indicating the student may believe that the induced voltage is the same ͑graphically͒ as the original current. Answer B, a strong distracter and the dominant answer for algebra-based students, is like ''flipping over'' the current graph. Students may be thinking the ''negative'' idea ͑like question 29͒. Answer C, a distracter, is more like the ''opposite'' slopes-if current is changing, voltage is not and vice versa. ͑Answer choices C and E for this question have been revised in version H.͒
Newton's third law
The failure to believe that Newton's third law extends to electric and magnetic situations is shown by the responses on questions 7 and 24. On question 7 only about 40%, overall, choose the response consistent with Newton's third law. A similar number of students respond that the larger magnitude charge exerts the larger force. A lesser distracter was the smaller magnitude charge exerts the larger force, answer A. When we turn to magnetic interactions we find the same Newton's third law difficulty. On question 24, 22% of the calculus students and 25% of the algebra students applied Newton's third law correctly to the situation. If we include the students who said the magnitudes were equal but had the wrong direction for the interaction, the correct responses increase to 45% and 44%. This still leaves the majority of students not using the third law. About 45% of both the calculus-based and algebra-based students ͑on both the pretest and posttest͒ thought the larger current wire exerted a larger force on the other wire, answer B.
VI. DISCUSSION
Our goals when we started this project were to develop a qualitative test that could be used both as a pretest and a posttest in introductory college physics courses and to get some idea of the prevalence of students' ideas before and after instruction. We believe we have accomplished both goals.
The recurrent patterns found in the pretest responses for both groups of students indicate that students are not responding randomly to the questions. Whether the ideas the students are expressing are common-sense conceptions in the same sense as the ''motion implies force'' conception will require much more research. What is clear is that the students are getting ideas from somewhere, perhaps terms and phrases they have heard without really understanding them, and that they are trying to use those ideas. It is also clear that there are some questions for which students retain their initial ideas in the face of instruction, and that there are some questions on which the students switch their responses, but often from one incorrect response to another, rather than from incorrect to correct.
One very strong result from this research is that the postinstruction performance of students on this instrument is much poorer than any instructor would hope. The fact that performance by honors students, graduate/upper level students, and two-year college faculty shows a steady progression indicates that the instrument does measure some aspect of learning in this domain. Against this background the weak overall performance of the students in introductory physics is definitely disappointing.
Examination of the CSEM in the Appendix will show that it has a combination of questions about the basic phenomena in this domain and about the formalism. In mechanics there is a much tighter linkage between phenomena and formalism. In addition, students usually have much more familiarity with the phenomena in mechanics than they do with phenomena in electricity and magnetism. Examination of most general physics textbooks shows that the main focus of the presentation is the formalism. One might wonder how well students can learn a formalism which is designed to explain phenomena with which they have little familiarity and understanding.
Another issue that figures strongly in the CSEM is language. Language is a factor in several ways. First, there is the matter of natural ͑i.e., everyday͒ language versus formal ͑i.e., physics͒ language. Many of the questions in the CSEM use physics terms because it would be difficult, if not impossible, to ask about the concept or issue without those terms. Consequently, it is difficult to know how students actually interpret the questions on the pretest. Second, even when natural language is being employed the students may not interpret the terms in the same way we do. 22 Third, different instructors often introduce and use the same terms in slightly different ways that may influence how their students interpret a question. All of these aspects mean that interpreting the results on the CSEM should be done with great caution. Figure 3 indicates the pretest and posttest results on the CSEM for classes that have taken both the pretest and the posttest. The bottom line in Fig. 3 indicates a ''fractional gain'' 23 of 15% from pretest to posttest on the CSEM. The middle line and top line indicate ''fractional gains'' of 40% and 60%, respectively. The figure indicates a ''clustering'' of classes in the range between fractional gains of 0.15 and 0.40. This performance implies that additional research on instructional strategies needs to be done before the impact of particular techniques on student performance will be known.
VII. SUMMARY
The CSEM is a broad survey of students' knowledge bases in electricity and magnetism. It is a combination of a test of alternative conceptions and knowledge because we are not in a position at this time to develop a test of alternative conceptions alone. We do not have sufficient documented information about the nature of students' alternative, or common sense, ideas about topics in electricity and magnetism. Having said that, the CSEM can provide an estimate of student learning for some of the more important ideas in electricity and magnetism. We hope the CSEM can begin to provide some guidance for research directions into students' common sense conceptions in this domain. It has a combination of questions that probe students conceptual changes as well as questions that determine how well students develop understanding of the important terms and relations. It also has a combination of questions about the phenomena of electricity and magnetism and questions about the physical formalism explaining the phenomena.
In this article we have provided some base-line performance data that we hope will inspire others to develop new and improved ways to teach electricity and magnetism.
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